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ABSTRACT 


The  probleD  of  the  meaaurflOMnt  of  the  optical  propertiee  of  a  given 
aedium  ie  ooaplieated  bgr  the  fact  that  the  act  of  aeaaunnenb  pertuibe  tlM 


dietrltootlon  of  radiant  flux  in  the  iaMdiate  vioinilgr  of  the  Maauring  pn^ 
eeea*  Coneeqoently,  the  nuabera  derived  fran  a  aeaeureaent  prooeas  do  aot 
DiithfuUy  rafleot  the  inherent  optical  propertiee  of  the  aadiua  under  atu^f* 
but  rather  contain  along  with  the  infonation  aoa|d<A  both  the  effeeta  of  the 
preaence  of  Um  aeasuilng  appai^ue  and  its  charaoteriatio  reeponae  to  radlaat 
flux.  Tha  praaent  note  contains  general  foxanlatioa  of  the  aquation  of  i  A 
tranafar  for  partaitad  radianoe  field  in  an  axbitraiy  optical  ■eiHiny^  The 
raaultent  theory  ia  applied  to  the  problen  of  the  ■oaauriiaenti  of  the  vdImm 
attenuation  fbnotionJjjl^S^an^nqHAMtanMyf^Pov^MnBiBMM^  in  natural 


aatara  and  tha  atnoaphere. 


^e  theory  leads  to  several  new  neaauring  taehniqaea 
idiLoh  taka  into  account  the  perturbation  off  aot  on  tha  light  field  of  tha 
standard  noaauring  apparatus  used  for  the  detenaination  of  m  .  In  addition, 
the  theory  provides  a  naans  of  astimting  tha  relatively  eluaive  foneard 
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scattering  of  the  volume  scattering  function^  ,  Finally, 

two  criteria  are  given  for  estimating  the  order  of  magnitude  of  the  forward 
scattering  effects  encountered  In  beam  transmittance  measurements* 


INTRODUCTION 


It  is  a  cardinal  axiom  of  experimental  physics  that  the  act  of  observing 
a  given  phenomencn  necessarily  disturbs  the  phenosMnon  under  cbservatlon*  It 
follows  that  the  "true"  nature  of  the  observed  is  irreversibly  obscured  by 
some  such  disturbance  generated  by  the  observer.  This  axiom  holds  in  particu¬ 
lar  in  the  field  of  experimental  radiative  transfer.  An  ijqx>rtant  Illustration 
of  this  is  afforded  by  the  experimental  procedures  followed  in  the  determination 
of  the  volume  attenuation  function  oc  •  By  way  of  introduction  to  the 
present  approach,  the  classical  procedures  for  finding  will  be  briefly 
outlined.  The  general  theory  of  a  perturbed  light  field  is  then  formulated 
and  applied  to  the  case  of  the  determination  of  ,  which  results  in  tte 

perturbed  light  field  counterparts  to  the  classical  procedures*  The  theory 
yields  five  distinct  approaches  to  ^e  problem  of  the  determination  of  , 
each  of  which  may  be  transformed  into  an  experimental  pgrooedure. 

The  classical  procedures  for  determining  o<  assume  that  the  light 
field  is  unperturbed  as  the  probing  for  the  relevant  informatiwi  goes  on« 

By  Ignoring  l^e  perturbations  the  investigator  is  rewarded  with  analytical 
formulations  of  ohm-law  simplicity.  The  price  for  this  is  paid  by  having 
the  resulting  prediction  curve  pass  unconcernedly  through  an  array  of  non¬ 
conformist  data  points.  The  two  main  techni(|ues  now  in  use  may  be  classified 
as  the  brif^t-taraet  and  daric-taraet  techniques* 
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Figure  1  depicts  the  essential  geometrical  elemmts  of  each  technlqpie* 

In  the  bright-target  techni<|xe,  T  is  a  self-luminous  target  viewed  by  a 
Gershun  tube  (radiance  aster)  0  at  a  distance  r«  It  is  asMoed  that  the  target  is 
angularly  small  —  in  fact,  of  zero  solid  angular  subtense  —  when  viewed  at 
each  point  of  the  path  P  between  T  and  G»  In  addition,  the  effect  of  the 
aiid>lent  light  field  is  removed  by  either  a  direct  shielding  of  P  from  its 
surrounds  or  by  taking  the  difference  of  the  G-readings  found  by  turning  T 
on  and  then  off.  The  assumption  is  made  that  this  on-off  procedure  does  not 
perturb  the  ancient  light  field.  Finally,  G  is  assumed  to  be  an  ideal 
collector:  any  fliuc  entering  G  and  not  on  P  is  not  recorded.  All  ^ese 
assumptions  coidslne  to  reduce  the  general  equation  of  transfer! 


to  the  particularly  simple  form 

dN/db  »  -  «<•  N 

for  the  radiance  along  P.  Thus  if  H  and  N  are  the  inherent  and  apparent 

0  r 

radiances  of  T  along  P,  then  the  operation. 


(2) 


on  the  measurable  quantities  r,  N^,  is  taken  to  yield  the  required  value 


of  oc  • 
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The  dark-target  approach,  on  the  other  hand,  aeslgha  zero  Inherent 
radiance  to  T.  The  same  assumptloia  adopted  above  remain  in  force.  In  addi¬ 
tion,  P  is  chosen  so  that  is  constant  along  P^  The  solution  of  (1)  leads 
to  the  following  operation. 


-t 


Nj-N. 


N, 


t 


(3) 


on  the  measurable  quantities  ^  taken  to 

yield  the  required  value  of  o4  • 


(XNERAL  REPRESENTAHON  OF  A  PBRTURBED  LIGHT  FIELD 


In  actuality,  the  placing  of  a  target  T  of  Inherent  radiance  in  the 
light  field  perturbs  the  light  field.  Further,  Uie  target  being  a  material 
object  occupies  a  finite  volume  of  space  so  that  it  fills  a  finite  subregion 
Cl*')  of  direction  space  31  as  viewed  at  each  distance  r'  on  P, 

From  this  vantage  point,  the  presence  of  T  causes  a  perturbatlcm  extending 
over  a  subset  31^  Cl*')  of  ~  .  Finally,  the  Gershun  tube,  being  a 

material  object  of  finite  dimensions,  will  also  contribute  its  share  to  the 
perturbation  and,  in  addition,  will  record  flux  entering  G  which  is  not  strictly 
on  P;  the  collection  of  such  directions  which  carry  acceptable  flux  will  be 
denoted  in  general  by  • 

Vllth  these  observations  in  mind,  the  general  eciiation  of  transfer  is 
transformed  to  the  following  exact  form  for  the  new  context: 


General  Theory  of  Perturbed  Light 


e  e  • 


(5) 


dir' 


f  <rCr';!if')cLJl(l') 


•+ 


+ 


n'C*”'.  S')  ciSiCjJ)  . 


Here,  and  in  the  sequel,  the  symbols  N*,  N  denote  the  perturbed  and  unpertuxbed 
radiance  fimctions  respectively.  The  equation  may  be  rewritten  i&oi«  compactly 
as 


dM'CK'.S) 

dP' 


>.  oc'CK')  fsi'CP,S) 

N^c*'*,  J)  , 

(4) 


where 

oi'Cl*')  *  o4(r')  -  jj')  7 

and 

N^cCf-'.j)  *  [_ Nc-',^')  TC»''}j;';j)  oin(X') . 

This  is  the  general  equation  of  transfer  for  a  perturbed  llafct  field. 

Its  domain  of  applicability  is  quite  wide.  The  notion  of  Oerahun  tube  ie 
here  intended  to  cover  all  types  of  radiance  detectors,  including  such  organic 
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detectors  as  hunan  eyes.  Since  all  material  radiance  detectors  occupy  finite 
regions  in  space,  they  always  give  rise  to  a  perturbed  ol  ,  namely  the  •i.  * 
of  (4).  In  view  of  this  fact  one  can  raise  the  cpestlon:  is  it  meaningful 
to  talk  about  a  "true  oL  "  in  practical  contexts?  Any  op  ratimial  procedure 
designed  to  determine  the  oL  of  a  medium  must  necessarily  be  made  thrcgh 
the  intermediation  of  a  physical  recording  apparatus.  It  is>  therefore,  aeanlnghilto 
talk  or  think  only  about  the  for  that  instrument,  or  collection  of  ^ 

values  relative  to  a  given  collection  of  radiance  detectors.  The  "true  " 
is  therefore  a  constitutive  rather  than  an  operational  definition,  a  useful 
fiction  about  which  one  may  conveniently  cluster  for  reference  the  operationally 
obtainable  oc  *  values. 

The  problem  of  the  determination  of  oC  is  intimately  connected  vdth 
the  determination  of  the  forward  scattering  values  cr*C*'')»  >X) 

of  the  volume  scattering  function  (T  .  Here  again  the  physical  lindta- 
tlons  of  the  relevant  Instruments,  in  this  case  the  nephelometers,  prevent 
an  exact  determination  of  Toi*"')  .  Even  if  the  instrument  could, 

by  some  clever  ruse,  be  forced  to  look  directly  down  the  path  to  the  primary 
source,  what  principle  will  allow  Uie  separation  of  the  so-called  forward 
scattered  flux  from  the  unscattered,  transmit  ted  flux?  This  raises  the  qaes- 
tlon:  is  such  an  attempted  separation  meaningful  in  practice?  The  ansv/er, 
clearly,  is  that  it  is  not.  But  yet,  even  with  strict  experimental  justifi¬ 
cation  absent,  there  a^ars  to  be  some  unavoidable  convulsion  to  conceptually 
decompose  the  forward  flux.  The  motivation  for  such  a  procedure  is  apparently 
an  esthetic  requirement:  one  in  which  the  gap  in  the  e:qmrimsntal  definition 
of  the  <r  function  be  closed  by  the  inclusion  of  the  values  CT©  (,•■')  • 
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The  declrability  of  obtaining  ol  and  (T  eteoa  from  the  feet  that 
their  are  laportant  eonetltutive  eonatruote  whUh  help  bring  order  end 
eompleteiWM  into  the  elaealfieation  and  theoretieal  study  tni%id  aedia* 

It  ie  uith  thia  In  olnd  that  the  htmt  for  ot  and  ia  earrled  out  In  tiM 
aeqpel, 

Frwa  the  preceding  bbaervatlons^  it  ie  seen  that  even  on  a  phenaannolo- 
gieal  (or  naeroaeopie)' Xe«il«  the  study  of  11^  ia  beset  by  liadtations 
cn  the  exact  experinental  detexninatlona  of  the  three  basic  notionat  8,  uS  > 
and  CT  •  The  seaedng  indeterminacy  of  H  may  be  d.de<»atepped  in  prineipiUl 
by  defining  M  operationally  as  the  apparent  Unit  of  a  8e<|ienee  ‘{N|||  cf 
radiance  functions  giren  by  a  segaenee  of  radlanee  natere  eMLeh  approaehes  as 
a  limit  the  ideal  (  )  radiance  nater.  The  ealaee  of  ei  and  Qo  , 

hawerer,  are  more  eluslYe;  their  operatioael  definitlcne  are  subject,  in  the 
sense  explained  above,  to  a  more  fundamental  diffieulty.  Sons  ways  in  which 
thia  diffieulty  ean  be  overaone  on  a  praetieal  IsTel  are  eonaidered  beloar^ 

UKBdSlZBD  RBFBBSBITATION  OP  SLIGHILT  FBaTURBB)  UQHT  FI&DS 

As  an  iUnatration  of  the  use  of  the  general  yepreaentatlon  of  a  pertiarbed 
light  fieldf  we  reocmaider  the  problem  of  eaqperlitwedally  detemining  the 
eolune  attenuation  function  m<  •  The  diaeuealone  whieh  follow  apply  to 
aibltraiy  optical  media,  e.g«,  natural  hydroeels  or  aerosols,  Ihe  egaipuiiite 
used  in  the  elasaioel  proeedures  have  bean  designed  so  ae  to  miniadeo,  within 
reasoMhlo  limits,  the  induced  psrtuzbatione.  As  a  result,  relatively  email 
(but  yet  detectable)  partuitoationa  are  eneouiitered,  A  uaaful  fei^re  of  theae 
alighb  perturbations  is  that  thqr  may  be  rejaresented  by  oextain  linearisation 
eonditiona  isqposed  on  the  general  structure  of  (4),  We  assanble  the  three 
eonditione  for  a  UBIHifc 
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(i)  The  funotlona  • )  and  <r(.l' j  •  jJ)  are  conetant  over  SjC***^ 

and  2^  C^'^  ,  reepectlvely^  for  each  r  ,0^  h  .  BotJi  have  the  fixed 
value  r,  *  <r(r'j  f  j  f), 

(il)  N'C**',  • )  and  '  >  are  conetant  functions  over  for 

each  r  ,  0^^'^  ^  ,  the  fixed  values  viill  be  doioted  by  N'C^Oand  NCP')  respectively, 
(lii)  for  each  r  ,  h  • 

Under  these  assumptions  the  general  equation  (U)  is  transformed  into  the 
following  relatively  simi^  structuret 

*  [~aL  *  <r.(jljl»'’U  Jl4Cr‘))l  N'(»")  -  hi(h') 

(5) 


dild)  ,  ail<f)  * 

the  general  solution  of  which  is  readily  cbtainedt 

N'ai-  X  N'Ol  +  (t;)-'  (  [  N,(r)-  *►' 

o  (6) 

Tr  *  exp  I  O'*  [  ^ 

(7) 

The  resulting  foxuolations  point  the  way  to  several  novel  measuring  tedini« 
ques  for  •  While  the  fomulations  are  admittedly  aj^roqdkBat*  iu  the  MWe 

made  clear  above,  they  take  due  cognizance  of  the  major  features  of  a  perturbed 
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llg^t  field  and  the  non-ideal  character  of  real  Gerehun  tubes.  In  this  niegr 
an  essential  advance  beymd  the  classioal  procedures  seems  possible.  Despite 
the  simplified  character  of  the  linear  theory,  its  resultant  formulations  lie 
Just  on  this  side  of  practical  utility.  That  is  to  say,  within  the  present 
ejqperimmtal  framework,  the  slightest  relaacatlon  of  the  linearizing  conditions 
pushes  the  resultant  theory  be3rond  the  borderline  of  reasonable  tractabillty. 
However,  this  observation  nust  be  qualified  when  it  comes  to  using  more  gmneral 
apprcudmations  based  on  (U)  as  a  theoretical  tool. 

APPLICATIONS 

Bright-Target  Technique 

For  the  case  of  the  bright-target  technique,  (6)  takes  a  particularly 
simple  form  which  is  based  on  the  following  considerations:  (i)  The  realisa¬ 
tion  of  the  bright-target  technique  in  practice  is  in  the  form  of  a  so-called 
o»- meter  (a  beam»>tranaBittanee  metep)  which  consists  essentially  in  the 
optical  system  depicted  in  Figure  2.  The  most  iaqportant  feature  for  the 
presmt  discussi<xi  is  the  coidltion  Jl^oVrtiich  this  optical  system 

imposes  on  the  two  solid  angles  defined  in  the  general  theoiy.  This  follows 
from  the  effective  placement  of  the  source  at  the  focal  point  of  lens  A  so 
that  the  source  is  essentially  imaged  on  lens  B.  Thom  the  solid  angle 
(or  )  is  necessarily  the  solid  angle  subtended  the  farthest  1«bs 

from  the  point  r'.  (11)  The  path  P  betweon  A  and  B  has  been  designed  so  as 

to  be  shielded  from  the  surrounding  natural  light  field.  From  this,  it 
follows  that  N,|(  Cl*') «  on  P.  v/ith  these  observations,  (6)  reduces  to 
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N'Ch)*  t;  H'(o\ 

so  that 

N'(»')/N'fo)  =  ^  eirn  ] 

(8) 

where 

-  2  [4  ^ 

and  where  Oc  is  the  common  radius  of  lenses  A  and  B.  For  ratios  o/h  <  i/lO 
(8)  may  be  usefully  represented  by  the  approximation 

t;  *  ffocp  {  ]  (9) 

Either  (8)  or  (9)  show  that  the  perturbation  of  the  light  field  leads 
in  this  case  to  an  apparently  reduced  value  of  o£  as  measured  by  the 
Instrument,  e.g. ,  from  (9): 

Ot'  »  Ot  -  a-ir<r.(S)\ 

An  apparent  reduction  of  o4  will  also  be  found  in  the  dark-target  case. 

In  fact,  the  general  equation  for  the  perturbed  light  field  shows  that  this 
apparent  decrease  in  is  a  universal  manifestation  trscoable  directly  to 
the  simple  fact  that  for  all  material  Cershun  tubes,  and  all  material  targets, 
iTljCr)  and  are  greater  than  zero. 
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Dark 'Target  Technique 

In  this  case  the  path  is  chosen  so  that  and  N  are  constant  over  its 

extent.  In  fact,  we  set  »  N  ,and  and 

are  no  longer  rigidly  coupled  as  in  the  bright-target  case,  but  now  assume 

the  forms!  , 

Hit**')  «  aTr(i-  /- /  ,r:i  ')  . 

(H-H*)  ^ 

e-r(  I  -  )  , 

governed  by  obvious  geometrical  requirements.  Hereoi,  and  b  are  the  radii 
of  the  target,  and  photosensitive  collecting  disk  in  the  Gershun  tube, 
respectively. 

Under  these  conditions,  (7)  becomes 


eacp  [  -  avro  <^0*,^')  ^  ^ 


(10) 


\diere 


«►  (a*-  ♦  *  )1 

and  (6)  becomes 

► 

«  Nj  (t;)-'  [  [ot-  <)r;xi^ct")]  r/.  otk' 


(U) 


(12) 


The  chore  of  carrying  out  the  integration  of  (12)  can  be  considerably 
reduced,  and  the  utility  of  (12)  considerably  enhanced,  if  the  following 
approximate  representation  of  ^>’,1’')  is  adopted: 


(13) 
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which  follows  from  setting 

ai-'-c  •= -fc*-.  *  C<»’+ , 

(o'tM)i  -  l-[i+  . 

The  justification  for  this  may  bo  illustrated  by  considering  a  numerical 
example  in  which  the  quantities  have  magnitudes  which  are  typical  for  dark- 
target  experiments.  Thus  let  a./l-  »  b/i  ■*  |/ao  ,  where  ^-0.50  meters 
is  the  length  of  the  Gershun  tube,  and  r  =  10.70  meters.  The  graphs  df  Figure 
3  show  a  plot  of  2h‘-  h  the  graph  it  is  to  approximate. 

By  means  of  (13),  the  form  for  N'C*')  becomes: 

®  O 

(14) 

which  is  still  a  formidable  analytical  haystack  from  which  one  must  extract  oc 
and  0*9  .  Some  ways  in  which  this  may  be  done  will  now  be  considered. 

An  Outline  of  Possible  Experimental  Procedures 

If  (T*  is  known  and  oc  is  sought: 

Experiment  1.  Single  use  of  an  -meter. 

Experiment  2.  Single  dark-target  experiment. 

If  both  at  and  <ro  are  sou^t: 

Experiment  3.  Two  cmi  •meters  used  simultaneously. 

Experiment  4.  Two  dark-target  experiments  conducted  simultaneously. 
Ebqjerinent  5»  Simultaneous  -meter  and  dark-target  experiments. 
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We  conalder  each  experlnenb  in  turn,  but  outline  only  the  principle  analytical 
eteps  required  in  each  case. 

Experiment  It  The  procedure  Is  stralghtfoivard:  Knowledge  of 
and  (T*  allows  an  ijanediate  estimate  of  o<.  from  (8),  or  (9).  Fore¬ 
knowledge  of  0^  may  be  obtained  by  using  the  O’  -recovery  method.^ 

Experiment  2.  Eqtiation  (14)  may  be  written  as 

*  F^ot,  a,  b,  ) 

The  fVinction  F  has  oL  as  main  agreen^nt,  with  b,  r,  and  (r«  as  para¬ 
meters  fixed  by  during  a  given  experiment.  It  is  therefore  possible  to  plot 
the  values  F  (o£j  a>  b>  r,  )  (Figure  4  (a))  from  which  the  oc  may  In 
principle  be  found. 

Exnerlment  3.  Suppose  two  ^  -meters,  each  of  having  a  distinct  ^  -function 

(equation  (8)),  simultaneously  measure  beam  transmittance  in  a  given  medium. 

Then,  if  3^1  )  J  r  .  r  j  and  T*  ,  T*  ,  represent  the  ai^>ropxiate  quanti- 

1  2  *1  r2 

ties  of  each  instrument,  the  two  equations  for  p<.  and  T*o 

T"^'  -  ejcp  -  oc  ^  aT or.  "J  ^  i,  2  ^ 

have  the  solutions 

<r.  *  (  UT/l  -  r,  In  Tf^)^Ayr  (  ^ 

oL  ■»  (  ^1  le  T,.^  -  In  )  /t  ■"  ^*141)  , 


Prelsendorfer,  R.  W.,  A  New  Metho^  for  the  Determination  of  the 
Function.  Visibility  Laboratory  report,  Irid^  Huriber  NS  '714-100,  Contract 
MJbs-^iQ£74,  Scripps  Institution  of  Oceanography,  (Harch,  19^6). 
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Bxperlnent  4*  Equation  (14)  is  the  basis  for  this  experinsnt.  The  general 
idea  is  to  obtain  two  readings  of  N^C^)  from  two  distinct  geometrical  arrange¬ 
ments,  and  then  solve  two  simultaneous  equations  for  oC.  and  (To  •  No 
simple  Closed  expressions  for  oC  and  (T^  may  be  obtained  as  in  Experiment  3* 
Recourse  to  numerical  solutions  Is  the  only  way  out#  The  numerical  procedure 
will  be  considerably  simplilied  if  each  geometrical  arrangement  is  so  made  that 
b  -  This  may  be  done  in  the  folloi^ring  way.  Let  A  and  b  be  the 

effective  length  and  radius  of  the  Gershun  tube.  Then  the  radius  (JL  of  the 
dark-target  is  given  by^  *  rbk/£,  where  k  »  1  (i.e,,  k  insures  the  fulfill¬ 
ment  of  the  condition  that  the  target  must  at  least  fill  the  field  of  the 
Gershun  tube).  Then  the  condition  O  requires  that  the  range 

of  the  target  be  p  ^ 

In  illustration^  let  X/30,  Jt  -  0,30  meters.  Choose  t>fo  kevalues.  e.g*. 

•  These  numbers  now  flxCLsncl  r  for  each  choice  of  k; 

h  -  zv/bJk'  -  ^.OO 

a,  s  hbi./^  *  0.A2Z 

Ha*  A.  SO 

CLa  *  0<3oc>  r*'e+e»*  . 

Now  returning  to  (14)  in  which  b-(aV'2H)»  O  ,  we  have  for  two  such 
experimental  arrangements: 

cCh)  »  cr*  iCo^, 

CCr.)  r  ((vJ^ -Ny'cr,))/N|  »  e"*"*"*  ^  I(«t,  a,,  p,  >  ^ 

vdiere  ^  o(h'  .  This  set  of  equations 

may  be  rearranged  to  read: 

_  I  ( •< .  a* ,  h;  ) 

ote,  * 


-  & 


1  (*^1  ,  h  ) 


6C«). 
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Each  side  represents  a  computable  function  of  oL  (the  a^  and  r^  being  known 
and  fixed  during  the  eocperinBnt).  Hmce  both  A  and  B  can  be  graphed  over  a 
certain  dcanain  of  oC  values.  If  the  curves  are  graphed  over  the  same  set  of 
axes  (Figure  4  (b))  the  point  of  intersection  of  the  graphs  defines  the  rec^iirod 
oL  •  (The  graph  of  Figure  4  merely  represents  the  idea  of  this  solution 
procedure;  it  need  not  represent  em  actual  set  of  A  and  B  graphs) t 

Experiment  5*  Equations  (B)  and  (14)  are  the  basis  for  this  experiment. 

Eqpiation  (8)  is  solved  for  <TZ  and  the  resultant  expi'ession  for  (J~o  is  sub¬ 
stituted  in  (14).  After  this  is  done,  the  raofiaining  procedure  is  in  principle 
covered  by  the  analytical  steps  outlined  for  experiment  2. 

Order  of  Magnitude  Estimates 

A  given  bright-or  -dario-target  set  up  can  be  given  a  quick  preliminary 
analysis  by  means  of  ecfiations  which  approximate  (8)  and  (14).  The  appropriate 
equation  for  (8)  is  given  by  (9).  Turning  to  (14) »  we  see  that  a  lower  bound 
on  the  (To -effect  may  be  obtained  by  setting  (^) 

reduces  to 

Thus  if  (16)  predicts  a  measurable  deviation  from  the  unperturbed  radiance 
e~^^)  y  the  actual  (!^- effect  produces  an  evoi  greatw  deviatlcxi 
(an  illustration  is  given  below).  Unfortunately^ a  correspondingly  good  upper 
bound  is  not  found  in  such  a  simple  way,  so  that  no  general  bracketing  expression 
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can  be  simply  glvoi  for  Kl'(K)  in  the  dark-target  case.  Each  problem  Is  best 
handled  separately  using  (14). 


From  the  preceding  analyses  It  Is  evident  that  the  meter  technique 
appears  to  be  the  more  simple  to  handle  analytically.  From  (9)  one  can  estimate 
the  percent  difference  between  oi  and  oC  *  > 


^  =  I  U  0  X 


—  |O0 


(17) 


the  minus  sign  denoting  that  cL  is  always  less  than  oL  . 


To  gain  a  rough  idea  of  the  order  of  magnitude  of  the  forward  scattering 
effect  in  a  typical  hydrosol  and  aerosol,  we  choose  for  the  hydrosol:  1.^2/ 

meter  steradian,  oC  »  0.4D2/meter  j  and  for  the  aerosol,  (T*  ■  9  x  10“V®6^6*‘“ 
steradlan,  ■  32  x  10“V®eter  .  The  corresponding  values  of  for  a 
set  of  oC  -meters  (characterized  by  their  a/r  ratios)  are  given  below. 


a/r 

~  ^  (in  percent) 

Aerosol 

Hydro sol 

1/200 

0,044 

0,075 

1/100 

0.176 

0.300 

1/50 

0.704 

1.20 

1/25 

2.82 

4.80 

Vl2,5 

11.3 

19.2 

<«The  ot. '  and  CT.  are  associated  with  a  wavelength  of  478  oc  and  are 
based  cn  measurements  taken  by  J.  E,  Tyler  in  Lake  Pend  Oreille,  and  are  repre¬ 
sentative  of  moderately  clear  lake  and  near-shore  ocean  water.  Depmiding  on 
the  medium,  the  ratio  (Tt/d.  may  range  over  an  order  of  magnitude.  q\  was  e«ii- 
mated  using  l^e  method  of  reference  1, 

^ased  on  Waldram's  data  for  industrial  haze,  as  recorded  in  Middleton,  V\I.E,K,, 
Visiqf:  Through  the  Atmosphera,  (Univ.  of  Toronto  Press,  1952),  p.  48.  (To/oL  for 
cl^r  air  is  the  order  or  a  seventh  of  that  for  industrial  haze.  The 
associated  wavelength  is  370  n^.  (Tq  was  estimated  by  extrapolation. 
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We  conclude  with  an  example  of  the  use  of  (16)  for  the  case  of  the  present 
hydroeol.  Using  the  set-up  suggested  in  Experiment  kt  and  obs«rving  that  the 
path  lengths  were  chosen  so  that  we  have: 

N'CH,!  »  O.OAO)  *  ^ 

N'Ctils  NJ|  e'*0- 1?80  )  *  ^ 

It  appears  that  a  definitely  measurable  perturbation  of  the  light  field 
would  be  induced  in  the  present  case.  Thus,  seme  radioal  procedure,  such  as 
that  outlined  in  Experiment  4*  ^ould  be  followed  in  order  to  obtain  an  accurate 
estimate  of  . 


r 
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SUMMAHf 

The  general  equation  of  transfer  for  an  arbitrarily  perturbed  li^t 
field  is  formulated  (equation  (4)).  From  this  is  deduced  the  linearized 
equation  of  transfer  (5)  which  is  applicable  to  the  study  of  slightly  perturbed 
light  fields  such  as  those  induced  during  the  measurement  of  the  ■volume 
scattering  function  or  (beam  transmittance)  by  means  of  the  bright-or* dark- 
target  techniques.  The  general  solution  (equations  (6),  (7))  of  the 
linearized  equation  leads  to  anal3rbical  expressions  vfhich  may  be  used  to 
estimate  the  true  •value  of  oC  when  either  the  bright  target  approach 
(equation  (8))  or  the  dark  target  approach  (equation  (14))  is  used.  The 
general  solution  of  the  linearized  equation  yields  in  particular  five  possible 
experimental  procedures  leading  to  an  estimate  of  oL  .  Finally,  two  methods 
are  given  (equations  (16),  (17))  for  estimating  the  order  of  magnitude  of 
the  forward  scattering  effects  encountered  in  beam  transmittance  measurements# 
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CAPTIONS 

Figure  1.  Illustrating  the  geometxy  of  a  perturbed  LLg^t  field.  T  Is  a 
generalized  target,  G  rep. ‘esents  a  Gershun  tube  (radiance  meter).  Both  T 
and  G  Induce  a  perturbation  of  the  radiance  dlstidbution  about  a  point  P  on 
the  path  P.  In  the  general  case,  T  need  not  be  on  the  axis  of  G.  The  sub- 
regions  of  direction-space  ST  about  p  which  are  occupied  by  the  target,  'Uie 
Gershun  tube,  and  the  pertuit>ation,  are  indicated  as  shewn. 

Figure  2.  The  optical  system  of  a  typical  oC  nneter  (beam  transmittance 
meter),  in  particular,  one  in  which  -XliCi-')  *  Xij  C*"')- 

Figure  3.  Illustrating  an  approximation  wtiich  simplifies  the  analytical 
formulation  of  the  dark-tarket  technique  in  typical  applications. 

Figure  4*  Illustrating  two  numerical  procedures  for  determining  • 

(a):  Experiment  2;  (b)  Experiment  4;  For  details,  see  text. 
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